a total of 211 pheasants (Phasianus colchicus) were reared using two different production systems (free range and intensive) to determine the effect of production system and slaughter age on growth performance and carcass traits. Birds were slaughtered at 14, 16, and 18 weeks of age. Production system did not significantly affect body weight until 18 weeks; at this age, pheasants reared in free range exhibited a higher average weight (1149 g vs. 1012 g). total feed consumption and feed conversion ratios did not differ among production systems. the most in-demand portions of the carcass (breast and leg) were not affected by differences in production system. the leg and breast proportions which were the most edible parts of the carcass were around 26% and 35%, respectively, in both free-range and intensive systems.
. Also, they can easily adapt to habitats modified by humans (Franco and Lorenzo, 2013) .
Most studies on pheasant meat production have been conducted on hunted birds (Hofbauer et al., 2010) or in confined conditions (Abrar et al., 2017; Strakova et al., 2005) . Limited studies have investigated the growth traits of pheasants reared in extensive conditions (Franco and Lorenzo, 2013; Kokoszynski et al., 2011; Ricard et al., 2004) . There is currently a lack of studies investigating the growth traits of pheasants reared in both completely confined and in semi-intensive conditions. Therefore, this study aims to investigate the growth and carcass traits of common pheasants (Phasianus colchicus) in free-range and intensive conditions at different slaughter ages.
material and methods
The experiment was conducted between May and August 2015 at the Ondokuz Mayis University Agricultural Faculty's Research Farm, Turkey. All procedures were approved by the Ondokuz Mayis University Ethical Committee for Experimental Animals. Pheasant (Phasianus colchicus) eggs were collected from a flock reared at the Turkish Ministry of Forests and Water Affairs' Samsun Breeding Station. All eggs were collected and transferred to the farm's hatchery on the same day. Following a 25-day incubation period, 200 day-old chicks were randomly selected for use in the experiment.
Chicks were randomly allocated to pens belonging to either an intensive or freerange access production system that interspersed within windowed houses, with 4 pens per system and 25 to 27 chicks per pen. Pens (3.5 × 3.5 m) were separated and covered by 0.5 × 0.5 cm wire mesh to prevent birds from flying between pens. Each pen contained 1 round feeder and 1 round drinker. The intensive pen also contained an 8 cm layer of wood shavings used as litter, and no fresh litter was added during the production period. Heating was provided by infrared heaters, and economic white bulbs were used for lighting. A 24 h/day light regime was applied during the first 3 days. Light was incrementally decreased to 20 h/day over days 3 to 14, and then remained constant until 6 weeks, after which natural lighting (approximately 14 h/day) was applied until slaughter. After 6 weeks of age, birds in the free-range system were provided 24-hour access to free-range pens measuring 14 × 3.5 m through a single doorway measuring 50 × 90 cm.
All birds were fed ad libitum using the same commercial layer chicken diet based on corn and soybean meal (190 g CP and 11 .72 MJ ME, 10.0 g lysine, 4.00 g methionine, 11.0 g Ca, 6.00 g P per kg) until 12 weeks of age, and with layer chicken developer diet (160 g CP, 11.30 MJ ME, 3.50 g methionine, 7.20 g lysine, 10.0 g Ca, 4.00 g P per kg) from 12 weeks until the end of the experiment. Water was also provided ad libitum.
All birds were wing-banded and individually weighed (precision electronic scales, TEM TPG, İstanbul, Turkey) at hatching, 2, 4, 6, 8, 10, 12, 14, 16, and 18 weeks of age. Cumulative feed consumption, feed conversion ratios, and mortality were evaluated for each replicate.
Carcass traits were evaluated by randomly selecting and slaughtering four (two male and two female) pheasants per replication at 14, 16, and 18 weeks (16 birds per age for a total of 48 birds for each production system; 96 birds in total). An 8-hour fasting period was applied before slaughter. All birds were weighed prior to slaughter and after blood flow at slaughter, and the amount of blood was calculated and recorded as the ratio to body weight. Birds were slaughtered in a semi-automated slaughtering house. Scalding (1 min at 56°C), plucking, cold-water chilling, vent opening, evisceration, and air chilling were performed using the slaughter lines. Carcasses were weighed after these operations and the ratio to body weight was used as hot dressing percentage. Carcasses were weighed again after stored 24 hours at +4°C and the ratio to body weight was used as cold dressing percentage. Feather amounts were calculated by weighing carcasses after plucking and recorded as the ratio to body weight. Abdominal fat was measured by weighing the fat surrounding abdominal muscles, cloaca, and inner organs after carcasses were chilled. Carcasses were cut into parts according to standard methods, and leg (thigh and drumstick), breast, wing, back, neck, and total edible inner organ (heart, liver and gizzard) weights were recorded as percentages of cold-carcass weights (Sarica et al., 2011) .
Statistical analysis was performed using SPSS software (Version 16). Analysis of variance with a factorial arrangement (production system and age) was used to test the effects of production system, age and interaction for the feed consumption, feed conversion ratios and body weight measurement (for first 6 weeks). Production system, age and gender interactions were used for all slaughter and carcass traits and body weight after 8 weeks of age. Data was subjected to arc-sine transformation. Duncan's multiple range test was used to compare means. A level of P<0.05 was considered statistically significant.
results
Pheasants were not permitted to access free-range conditions until 6 weeks. Therefore, growth traits were evaluated for two different periods (0-6 weeks and 6-18 weeks). Body weights, cumulative feed consumption per bird, feed conversion ratios (FCR), and mortality for the first 6 weeks are provided in Table 1 , while the effects of production system and gender on body weight at different ages are provided in Table 2 .
No significant differences were observed between the body weights of pheasants reared in intensive or free-range conditions until 16 weeks of age. However, the difference between the two groups was significant at 18 weeks (P<0.01). Males had higher weights than females at all ages (P<0.01). Cumulative feed consumption, FCR, and mortality for both production systems at different ages are provided in Table 3. Slaughter age had significant effects on feed consumption, FCR and mortality. Differences in feed consumption, FCR, and mortality between production systems were not significant. Slaughter traits for pheasants are provided in Table 4 . Feather amount, carcass yield, and abdominal fat ratios were the only traits significantly affected by production system. Dressing percentage was significantly affected by production system and slaughter age. Birds reared in the intensive system had higher dressing percentages. Feather amount was better in the free-range system (P<0.05). On the other hand, highest dressing percentage was achieved at 16 weeks (P<0.05). Abdominal fat ratios were highest in terms of carcass weight in free-range systems (P<0.05). Flowed blood ratio and feather amount were not significantly affected by slaughter age. Males had a significantly higher body weight, head, and feet weights, whereas females had higher level of abdominal fat (P<0.01). Carcass part weights and ratios are provided in Table 5 . The intensive system was better for carcass part weights and ratios, while the intensive and free-range systems were comparable with each other. Back, wing, and neck ratios were higher in intensive systems. Excluding the back ratio, all carcass part weights and ratios were affected by slaughter age (P<0.01). Also, females had higher breast ratios than males (P<0.01). Interactions among slaughter age and gender that not included breast weight were determined as insignificant.
discussion
Mean chick weight was 21.24 g at hatch. This is in line with the findings of Ipek and Yilmaz Dikmen (2007), who observed a weight of 21.8 g at hatch. Similarly, Strakova et al. (2005) reported a 20.0 g weight at hatch. Pheasants were reared intensively until 6 weeks of age, reaching 293.78 g mean body weight by this age. Previous studies observed the body weights of pheasants at this age to be approximately 350 g (Kokoszynski et al., 2011; Strakova et al., 2005) . These differences could be related to bird variety and feed. Birds in the free-range group had access to free-range conditions after 6 weeks of age. After the experimental group had access to free-range conditions for two weeks, body weights of birds in both groups were nearly the same. Free-range birds exhibited higher body weights between 12 and 16 weeks of age, though these differences were not statistically significant. When the pheasants reached 18 weeks of age, birds reared in the free-range group were significantly heavier than the intensive group. Previous studies have highlighted that in most poultry species including turkey (Kaiser et al., 2012) , goose (El-Hanoun et al., 2012) , duck (El-Edel et al., 2015) , partridge (Yamak et al., 2016) , guinea fowl (Yamak et al., 2018) , and chicken (Ipek and Sozcu, 2017), intensive birds exhibit higher body weights than free-range birds. In this regard, pheasants are different from these poultry species because they were not domesticated for commercial production. In free-range conditions, birds had more space for physical conditioning, social interaction, and were exposed to natural weather conditions. Therefore, improved living conditions for free-range birds could have resulted in higher body weights. Previously reported body weight values for pheasant are in line with our findings. Most of these studies completed the rearing period at 16 weeks and observed weights of 1017-1239 g for males and 741-956 g for females (Ipek and Yilmaz Dikmen, 2007; Kokoszynski et al., 2011) . Therefore, according to the results of these studies, weights over 1 kg could be considered an acceptable marketing weight for pheasants.
Feed consumption and feed conversion ratio are the most important traits for producers in commercial production. Pheasants in both systems consumed similar amount of feed over the production period. No significant differences were observed between feed consumption and feed conversion ratios. Sarica et al. (1999) observed that pheasants consumed approximately 5 kg of feed in 15 weeks, with an FCR of 5.14 at this age. Similarly, Ipek and Yilmaz Dikmen (2007) reported that total feed consumption for pheasants was between 4200 and 5080 g at 16 weeks. They also determined that FCR was between 5.1 and 5.4. According to Blake and Hess (2009), cumulative feed consumption / FCR for ring-necked pheasant was 4936 g / 4 and 6082 g / 4.77 at 16 and 18 weeks, respectively. Kokoszynski et al. (2018) reported the FCR to be 4.96 at 16 weeks. Total feed consumption and FCR values obtained in the present study at 16 and 18 weeks (3.47-4.28 kg and 3.50-3.80, respectively) were lower than reported values. Mortality was not affected by production system and was approximately 1.5% in the rearing period. Previously reported mortalities for pheasants were higher than our findings. Sarica et al. (1999) observed mortality of 10.4% at 15 weeks, whereas Ipek and Yilmaz Dikmen (2007) observed mortality of 5%-8.33% at 16 weeks. Mortality is mostly affected by management during rearing. Pheasants are fearful birds and anything that disturbs them could be the reason for struggling in the house and this could cause deaths. The poultry house of our study was located in an isolated part of the farm. All factors which could be the factor for disturbing the birds were minimized in the study. On the other hand, quality of the feed and water and other disinfection rules were optimized in the study. It is thought that all these management factors caused lower mortality in the study.
Production system, slaughter age, and gender did not have any significant effect on the flowed blood ratios of slaughtered pheasants. However, our results (between 4.18% and 4.53%) were higher than the findings of Kokoszynski et al. (2011) , who observed a blood ratio in pheasants to range between 1.9% and 2.4% of body weight at different ages. This difference could be related to the slaughtering process. Bleeding could change according to slaughtering method (Thaxton et al., 2009) , and losing 4-5% of body weight in bleeding is normal (Barbut, 2015) . Pheasant feather to body weight ratio was not affected by gender or slaughter age. Conversely, it was affected by production system. Pheasants reared in free-range protected their feathers better than intensive pheasants (8.39% vs. 7.32%, respectively). It was shown that production system could play a factor in the protection of feathers, which is related to stress factors in intensive systems; therefore, birds could experience improved plumage condition in free-range systems (Boz et al., 2017; Yamak et al., 2018) . Head and shanks are the non-edible components of the body of pheasants. In a previous study, the ratios of head and shanks to body weight were reported to be approximately 3.5% and 2.4%, respectively (Kokoszynski et al., 2011) . Our findings are congruent with these reported values, and production system did not affect these ratios. Contrary to the results of Kokoszynski et al. (2011) , who did not find difference between the head and shank ratios of female and male pheasants, we observed males exhibiting higher ratios.
The differences between dressing percentages of free-range and intensive pheasants were significant. Differences between hot and cold dressing percentages could be related to water in the carcasses due to plucking, given that hot dressing percentages were calculated using carcass weight immediately following slaughter, whereas cold dressing percentages were calculated using carcass weight after chilling, when the additional water would have been removed. However, dressing percentages did not differ between male and female birds. Kokoszynski et al. (2011) reported the dressing percentages of male pheasants (70.8%) to be higher than in female pheasants (69.7%). The average dressing percentages obtained in this study were higher than the 70.8% reported by Severin et al. (2006) , but similar to Sarica et al. (1999) and Kokoszynski et al. (2012) , both of whom reported mean dressing percentages of pheasants of 72-75%.
The edible inner organs (heart, liver, and gizzard) constitute 3-5% of carcass weight in poultry species. In this study, the rate of edible organs was between 5.02% and 5.90%. Neither production system nor gender affected the proportion of edible inner organs, but it was significantly decreased by slaughter age. Abdominal fat ratios were significantly affected by production system, with higher abdominal fat ratios in free-range pheasants when compared to intensive pheasants (0.29% vs. 0.19%, respectively). Abdominal fat significantly increased at 18 weeks of age, and females exhibited significantly higher ratios than males. The abdominal fat ratios of pheasants were generally found to be lower than 1% of carcass weight. Also, similar to our findings, it was reported that female pheasants had higher abdominal fat values than males (Kokoszynski et al., 2011; Sarica et al., 1999; Strakova et al., 2005) .
Breast and leg muscles are the most in-demand portions of the poultry carcass; therefore, the ratio of breast to total body weight is an important factor for consumption. In modern chicken broilers, this ratio is over 35% (Yamak et al., 2014) . Similarly, Sarica et al. (1999) reported a pheasant breast ratio of 35-36% for whole carcass.
In our study, the breast ratio of pheasants was 34-37% of whole carcass. Breast ratio was not affected by production system, but gender and slaughter age affected this ratio. Females had a higher ratio than males, and the ratio increased at 18 weeks of age. These findings were higher than the results of Kokoszynski et al. (2011) and Franco and Lorenzo (2013) , who observed breast ratios of 32% and 28.77%, respectively.
Moreover, no significant difference was observed between the leg ratios of intensive and free-range pheasants. Leg ratios in this study were lower than those reported by Sarica et al. (1999), and Franco and Lorenzo (2013) , which were 28-31% and 31%, respectively. However, leg ratios in this study were higher than those observed by Kokoszynski et al. (2011) (24.5%) .
conclusion Pheasants are non-domesticated game birds whose meat is preferred in niche markets. Rearing these birds in intensive conditions has become popular to meet the demand. In particular, people prefer them for their "gamey" taste. Because pheasants are not domesticated birds, free-range production could be more suitable for pheasant rearing. The results of this study indicate that production system did not affect the total feed consumption and feed conversion ratios of pheasants. However, birds reared in free-range exhibited improved body weights at 18 weeks, though the differences were not significant at other slaughter ages. This could be related to improved living conditions for the free-range birds. Also, neither free-range nor intensive systems had any advantage with regard to the body components of carcass. According to the results, 16 weeks should be the most suitable age for slaughter. In conclusion, rearing pheasants in animal-friendly or organic production systems could have advantages for both consumers and producers.
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